Introduction
Epithelioid sarcoma (ES) is a soft tissue sarcoma affecting young adults [1] . ES is classified into two subtypes according the pathological observations: a classic form that often arises in the classic extremities as a slow-growing nodule [2] , and a proximal form that tend to arise in deep areas of the pelvis, perineum, and genital tract [3] . Although the proximal form may have a more aggressive clinical course than the classic forms [4] , the clinical courses are diverse, even for identical subtypes. Previous reports have focused on clinical and pathological prognostic factors associated with ES [3, [5] [6] [7] . Recently, deletion of the SMARCB1/ INI1 tumor-suppressor gene (INI1) was reported in proximal-type ES [8] , and loss of its expression was observed in approximately 90% of classic and proximal ES cases [9] . The tumorigenic properties of INI1 genetic inactivation have been reported [10] , and loss of INI1 protein expression in ES has been shown to be due to epigenetic mechanisms of gene silencing by specific miRNAs [11] . As well as molecular studies of INI1, a large-scale immunohistochemical study has revealed that loss of INI1 expression had no prognostic impact on ES [4] . These reports suggest that there may be a molecular basis for differences in the clinical and pathological features of ES, and that further investigations to identify these aberrations might have clinical relevance.
To investigate the molecular basis of the malignant features of ES, previous studies have employed global molecular analysis. In a global gene expression study to identify the invasive potential of ES, Weber et al. carried out differential display RT-PCR with arbitrary primers using ES cell lines differing in their invasive potential, and found that expression of apoferritin light chain, GRU-1A, cytochrome c oxidase I, TI-227H, and ELISC-1 was associated with differences in invasiveness [12] . Using comparative genomic hybridization, Lushnikova et al. [13] examined DNA copy number changes in ES and reported recurrent gain at 11q13, and using immunohistochemistry confirmed overexpression of the cyclin D1 gene, located in 11q13. These studies suggested that a global molecular approach was effective, and that further investigations of a similar nature were warranted in ES. However, modern technology has not yet been applied for global molecular analysis of ES.
In the present study, to clarify the molecular background of ES, we adopted a proteomics approach using primary tumor tissues of ES. Proteomics can provide unique data that cannot be obtained using other global approaches. Using two-dimensional difference gel electrophoresis (2D-DIGE) and mass spectrometry [14] , we identified proteins showing differential expression between tumor tissues and surrounding non-tumor tissues obtained from the ES patients.
Materials and Methods

Patients and tumor samples
This study included 8 patients with ES who were treated at the National Cancer Center Hospital between 1993 and 2013. Tumor and adjacent non-tumor tissues were obtained at the time of surgery, and stored in liquid nitrogen until use. Table 1 summarizes the patients' clinical and pathological information. This project was approved by the ethical review board of the National Cancer Center, and signed informed consent was obtained from all of the study patients.
Protein expression profiling
Proteins were extracted from frozen tissues as described previously [14] . In brief, tumor tissues were powdered with a Multi-beads shocker (Yasui Kikai, Osaka, Japan) in the presence of liquid nitrogen, and treated with urea lysis buffer (6 M urea, 2 M thiourea, 3% CHAPS, 1% Triton X-100). After centrifugation at 15,000 rpm for 30 min, the supernatant was recovered as the protein sample.
Protein expression profiling was performed by 2D-DIGE as described previously [14] . Figure 1A gives an overview of the 2D-DIGE protocol. In brief, the internal control sample was prepared by mixing together a small portion of the samples from all individuals. Fivemicrogram portions of the internal control sample and each individual sample were labeled with Cy3 and Cy5, respectively (CyDye DIGE Fluor saturation dye, GE Healthcare Biosciences, Uppsala, Sweden) [15, 16] . The differently labeled protein samples were mixed, and then separated by two-dimensional gel electrophoresis. The first-dimension separation was achieved using Immobiline pH gradient DryStrip gels (24 cm long, pI range 3-10, GE Healthcare Biosciences) [17] . The second-dimension separation was achieved by SDS-PAGE using our original large-format electrophoresis apparatus (33-cm separation distance, Bio-craft, Tokyo, Japan) [14] . The gels were scanned using a laser scanner (Typhoon Trio, GE Healthcare Biosciences) at appropriate wavelengths for Cy3 and Cy5. For all protein spots, the Cy5 intensity was normalized against Cy3 intensity in the same gel using the ProgenesisSameSpots software package version 3 (Nonlinear Dynamics, Newcastle-upon-Tyne, UK), in order to compensate for gelto-gel variations. All samples were examined in triplicate gels, and the mean normalized intensity value was used for comparative study.
Statistical analysis
Statistical comparisons were performed using the Expressionist software package (GeneData, Basel, Switzerland).
Protein identification by mass spectrometry
Mass spectrometric protein identification was performed as described previously [14] . In brief, 100 μg of the protein sample was labeled with Cy5, and separated by 2D-PAGE as described above. Protein spots were recovered from the gels using our original automated spot recovery device, and digested to tryptic peptides by ingel digestion. The peptides were subjected to liquid chromatography coupled with nanoelectrospray tandem mass spectrometry (Finnigan LTQ Orbitrap mass spectrometer and LTQ linear ion trap mass spectrometer, Thermo Electron Co., San Jose, CA). The Mascot software package (version 2.2; Matrix Science, London, UK) and SWISS-PROT database (Homo sapiens, 471472 sequences in the Sprot-57.5.fasta file) were used for protein identification. Proteins with a Mascot score of 34 or more were considered to be positively identified.
Western blotting
Proteins were separated by SDS-PAGE and transferred to nitrocellulose membranes. Each membrane was incubated with mouse monoclonal antibody against CAPZB (1:500 dilution, Santa Cruz Biotechnology Inc, Santa Cruz, CA), and reacted with a horseradish A B C Figure 1 : An overview of the experimental procedure for 2D-DIGE experiments with an internal control sample. A. The internal control and the individual sample are labeled with Cy3 and Cy5, respectively, mixed together, and separated by 2D-PAGE. After electrophoresis, the gel is laser-scanned, and the Cy3 and Cy5 images are obtained. The Cy5 image data are normalized with the Cy3 image data to compensate for any gel-to-gel variation. B. A typical gel image of the Cy3-labeled internal control sample. The spot numbers correspond to those in Figure 2 and Table 2 . C. System reproducibility was evaluated by running the identical sample three times, and reproducibility was evaluated using a scattergram. peroxidase-conjugated secondary antibody (1:1000 dilution, GE Healthcare Biosciences). The immunocomplex was detected using an enhanced chemiluminescence system (ECL Prime, GE Healthcare Biosciences), and the signal was monitored with a LAS-3000 laser scanner (FujiFilm, Tokyo, Japan). The membranes were then stained with 0.2% Ponceau S and 1% acetic acid (Sigma Aldrich, St. Louis, MO) [18, 19] , and the intensity of the protein bands was measured using the ImageQuant software package (GE Healthcare Biosciences). The intensity of individual protein bands was normalized against that of the entire lane.
Immunohistochemistry
Immunohistochemical examination was performed using formalinfixed, paraffin-embedded tissues. In brief, paraffin sections of 4-μm thickness was cut from the representative block for each tumor and routinely deparaffinized. For INI1 staining, the sections were exposed to 3% hydrogen peroxide for 15 min to block endogenous peroxidase activity. The preparations were autoclaved in Targeted Retrieval Solution (Dako, Glostrup, Denmark) for antigen retrieval. The primary antibody used was INI1 (25/BAF47, 1:100; BD Biosciences, Franklin Lakes, NJ). The slides were incubated for 1 h at room temperature with the primary antibody and subsequently detected by the EnVision detection system with Linker (Dako). Diaminobenzidine was used as the chromogen, and hematoxylin as the counter stain. Complete loss of nuclear reactivity in the background of the non-neoplastic internal positive controls was regarded as deficient. For CAPZB staining, the slides were autoclaved in Tris-EDTA buffer (pH 9.0) at 121°C for 30 min and incubated with a commercial monoclonal antibody against CAPZB (1:500 dilution; Santa Cruz Biotechnology Inc.). Immunostaining was carried out by the streptavidin-biotin peroxidase method using a Strept ABC Complex/horseradish peroxidase kit (DAKO, Glostrup, Denmark).
Results and Discussion
In order to develop clinical applications that can improve the outcome of patients with ES, it has been necessary to clarify the molecular basis of ES malignancy. The recent advent of global protein expression technologies has enabled comprehensive analysis of molecular aberrations in tumor cells, and a tremendous amount of data that may lead to clinical applications has been generated. However, the proteomic approaches have not been applied to ES, probably because of its relative rarity and the fact that clinical materials for basic research are in short supply.
In this study, we conducted a proteomic comparison between tumor and non-tumor tissues in ES. This is the first report of a proteomics approach to ES. Identification of proteins showing unique expression in tumor tissues is the first step toward clarifying the molecular basis of tumor biology. The differences between tumor and non-tumor tissues may include alterations that have occurred during carcinogenesis, or during cancer progression, and reflect the various features of malignancy including invasion, metastasis and resistance to therapy. Such a simple comparison of tumor tissues with normal ones may not in itself yield significant results, because the surrounding non-tumor tissues are not normal counterparts of tumor tissues in ES. However, investigation of the proteins identified may further our understanding of the molecular backgrounds of ES.
Here we employed 2D-DIGE to investigate the proteomic background of ES. 2D-DIGE is an advanced version of 2D-PAGE, which has been widely used to examine protein expression profiles since 1975. Although 2D-PAGE has been used for protein research for an exceptionally long period, it has a number of inherent drawbacks, one of which is gel-to-gel variations. We attempted to resolve this issue using a common internal control sample in 2D-DIGE ( Figure 1A) , and thus successfully compensated for any gel-to-gel variations ( Figure  1C) . Generally, the separation performance of gel-based proteomics parallels the separation distance achieved by electrophoresis. For longer separation distance, we developed our original large-format electrophoresis apparatus, and we successfully observed 3363 protein spots using it ( Figure 1B) . In 2D-DIGE, proteins are detected by laser scanning of the gels sandwiched between low-fluorescence glass plates. Therefore, a gel as large as the laser scanning area can be used without any risk of breaking the fragile polyacrylamide gel. The higher separation performance may also contribute to the high reproducibility of protein expression profiling ( Figure 1C) . When we ran an identical sample three times independently, the intensity of at least 85.8% of 3363 protein spots observed was scattered within a difference of twofold, and showed a relative correlation of at least 0.84. As the intensity of at least 98.8% of the 3363 protein spots was scattered within a sixfold difference range, we further examined spots that showed more than a six-fold difference in intensity between tumor and non-tumor tissues. The intensities of all 3363 protein spots are summarized in Supplementary Table 1. We identified 91 protein spots whose intensity differed significantly (p<0.01, >6-fold ratio of means) between tumor and non-tumor tissues. These 91 spots are localized on the 2D image shown in Figure  1B . The normalized and averaged intensity of the 91 spots is shown in the form of a heat map in Figure 2 , which was created using the data in Supplementary Table 1 . Mass spectrometric protein identification revealed that the 91 protein spots corresponded to 69 distinct gene products ( Figure 2 and Table 2 ). Generally, gene products are modified after transcription and translation, and single genes can generate multiple protein forms. Thus, the molecular events that had given rise to the multiple protein forms of these 69 genes, and how they differed between tumor and non-tumor tissues, were clearly of interest. Supplementary Table 2 summarizes the supporting data used for identification of these proteins. Generally, proteome data are biased by proteomics technologies, and we observe what we can observe in given technical conditions. As only proteins with differential expression were subjected to mass spectrometric protein identification, we cannot evaluate the limitation of 2D-DIGE. However, 2D-DIGE in this study clearly has limitation. For example, only the proteins with pI ranging between 4 and 7 were included in this study, and the proteins with pI higher than 7 were not considered. Moreover, the proteins with low expression level such as transcription factors may not be included either. Indeed, we didn't identify the products of SMARCB1/INI1, whose unique expression was reported in ES. Generally, proteomics modalities also have their own technical limitations, and there is no almighty proteomics modality. Therefore, the combined use of multiple proteomics modalities is required for comprehensive protein expression study. We demonstrated the presence of proteins with differential expression between tumor and non-tumor tissues using 2D-DIGE, and we hope that our proteomic study facilitates further investigation of ES at the protein level.
Among them, we examined the differential expression of CAPZB [20] , which was up-regulated in ES tumor tissues ( Figure 2 and Table 2 ). CAPZB is a member of the F-actin capping protein family, which bind the barbed ends of actin and regulate cell morphology and cytoskeletal organization [21] . Although CAPZB has been reported in human salivary gland cancer [22] been investigated. The family protein of CAPZB was implemented in the other types of cancers. For instance, using a proteomics approach, we previously found that macrophage-capping protein (CapG), an actin-capping protein that blocks the barbed ends of F-actin filaments, was associated with resistance of cholangiocellular carcinoma (CCC) to gemcitabine therapy, and using immunohistochemistry we also found that CapG in tumor cells had prognostic utility [23] . Using a proteomics approach, we also found that CapG in tumor tissues was significantly associated with malignant features of gastric cancer [24] . In liver cancer, we reported that CapG was highly expressed in primary tumor tissues with intravascular metastasis [25] , and the expression of CapG was confirmed in tumor cells by immnuhositochemistry and the functional significances of CapG in liver cancer cells were confirmed by in vitro experiments. In breast cancer, higher expression of CapG was observed at the tumor margin, suggesting that that CapG may be involved in tumor cell dissemination and metastasis [26] . These observations suggest that CapG may have diagnostic utility. Recently, van Impe et al.
[27] developed a novel nanobody, which is a singledomain antibody, against CapG, and delivered it to breast cancer cells by lentiviral transduction. This resulted in attenuation of cell migration and lung metastasis, and suggested that CapG may have utility as a therapeutic target. As CAPZB has a function similar to that of CapG in actin organization, we further investigated the expression of CAPZB in tumor tissues of ES.
We confirmed overexpression of CAPZB in ES using Western blotting ( Figure 3A) . In all eight ES cases, we found that CAPZB was highly expressed in tumor tissues relative to adjacent non-tumor tissues (p<0.01, Figure 3B ). These observations were consistent with those of 2D-DIGE, and mass spectrometry supported the correct identification of the protein.
We tried to localize the expression of CAPZB in specific cell types by immunohistochemistry. The immunohistochemical examination is critical in the proteomic study of ES when the tissues are homogenized for protein extraction. The tumor tissues of ES are highly complex, and the proteomic data of the homogenized tissue samples should consist of the mixed proteome data of different cell types. The laser microdissection was often employed to approach the tissue complexity. However, as the conventional laser microdissection for 2D-DIGE does not recover individual single cells [14] , it cannot solve the problem of high tissue complexity of ES. To determine the expression of given proteins in tumor cells, immunohistochemistry is mandatory. Without localization data, the further in vitro functional studies cannot be significant. We stained the sectioned tissues with the antibody against CAPZB, which was used for Western blotting. We found that the immunohistochemical staining patterns of CAPZB was not conclusive; the immnuhistochemical signals of CAPZB seemed to be non specific and the cellular localization of CAPZB were not consistent among the tissue sections. It may be reasoned by the characters of antibody used in this study; the indication of CAPZB antibody for immunohistochemistry was not guaranteed by antibody supplier. Presently, we could not concluded the cell types where CAPZB localized in tumor tissues of ES. It is worth screening the antibodies which can clearly localize CAPZB in tumor tissues.
Our present study has demonstrated that a proteomics approach can generate intriguing results using tissue samples. At the same time, our study clearly indicated the difficult part of tissue proteomics. Tumor tissues generally contain multiple types of cells, and localization of proteins identified by tissue proteomics should be determined prior to further examinations. However, laser microdissection may not always be a solution for tissue complexity, and immnuhistochemical examination to localize the identified proteins does not always work as expected. This inherent drawback of tissue proteomics should be considered when we interpret the proteome data of ES in this study.
